Cerebrospinal fluid (CSF) continuously flows through the cerebral ventricles, a process essential for brain homeostasis. Multiciliated ependymal (E1) cells line the walls of the ventricles and contribute importantly to CSF flow through ciliary beating. Key to this function is the rotational and translational planar cell polarity (PCP) of E1 cells. Defects in the PCP of E1 cells can result in abnormal CSF accumulation and hydrocephalus. Here, we integrate recent data on the roles of early CSF flow in the embryonic ventricles, PCP regulators (e.g., Vangl2 and Dishevelled), and cytoskeletal networks in the establishment, refinement, and maintenance of E1 cells' PCP. The planar organization mechanisms of E1 cells could explain how CSF flow contributes to brain function and may help in the diagnosis and prevention of hydrocephalus.
Introduction: Ependymal Cells and Their Planar Cell Polarity (PCP)
Cerebrospinal fluid (CSF) continuously flows through the cerebral ventricular system and is important for brain metabolism, hemodynamics, intracranial pressure regulation, and delivery of signaling molecules including those affecting neural stem cells [1] [2] [3] [4] . Ependymal (E1) cells, epithelial cells that line the walls of the brain ventricles, play a key role in the propulsion of CSF along the ventricular system [5, 6] . Based on apical morphology, three types of ependymal cells have been identified: E1 cells with approximately 50 motile cilia [7] ; E2 cells with two motile cilia and very large basal bodies [7] ; and tanycytes, which are generally considered unciliated [8, 9] . Here, we focus on the planar cell polarity (PCP, see Glossary) of E1 cells, which is important to effectively propel CSF flow [10,11].
E1 cells display two types of PCP: (i) unidirectional orientation of their motile cilia (rotational polarity) and (ii) asymmetric positioning of the cluster of their cilia in the apical area (translational polarity) [12] . Interestingly, the PCP of E1 cells varies depending on their location in the ventricular wall and is tightly correlated with the direction of the CSF flow (location-specific PCP). Defects in the PCP of E1 cells can result in abnormal CSF circulation and hydrocephalus [13-16], a severe and common neurological disorder [17] . A better understanding of the mechanisms determining the PCP of E1 cells could help in the diagnosis and treatment of hydrocephalus and could help explain how the enigmatic CSF flow contributes to the functions and homeostasis of the brain. Here, we review recent studies that begin to reveal the mechanisms underlying this exquisite orientation of E1 cells throughout the ventricular epithelia of the brain. 
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